Guidelines for cardiovascular disease prevention recommend a non-pharmacological approach to reduce cardiovascular risk in those with elevated blood pressure. We assessed guideline adherence in hypertensives. This study was performed in the European Investigation into Cancer and Nutrition-NL cohort, consisting of 40 011 subjects. From 1993 to 1997, participants completed questionnaires (disease history, lifestyle and diet), a physical examination was performed and blood samples were drawn. Differences in proportions of guideline targets met between aware and unaware hypertensives were studied. Of 8779 hypertensive subjects, 90% was aware of their hypertension. They more often adhered to guidelines than unaware hypertensive subjects with respect to intake of polyunsaturated fat:saturated fat (38.6% vs 33.2%), fibres (40.6% vs 34.2%), body mass index o27 kg m -2 (53.8% vs 46.5%) and alcohol (79.7% vs 72.6%). Despite statistical significance, the magnitude of these differences was small. Our study suggests that prevalence of a healthy lifestyle according to the recommendations in guidelines is slightly better in subjects aware of hypertension. There seems to be ample room for improvement in implementing the guidelines. Probably, patient tailored interventions and a multisiciplinary and multimodality approach can support this improvement.
Introduction
Hypertension is one of the most important and common cardiovascular risk factors, 1 and may account for about 30% of cardiovascular events. 2 Lowering of blood pressure prevents occurrence of future vascular disease. Non-pharmacological approaches for lowering blood pressure have been widely studied. A diet rich in fruits, vegetables and low-fat dairy foods with reduced saturated and total fat have been shown to substantially lower blood pressure. 3 In addition, loss of weight, restriction of alcohol consumption and increased physical activity have all been shown to lower blood pressure and to lower cardiovascular risk. [4] [5] [6] [7] As a consequence, advice to aim for a healthy lifestyle is included in most guidelines on hypertension or cardiovascular risk. [8] [9] [10] After diagnosing hypertension, physicians are encouraged to communicate to their patients the effect of lifestyle changes on blood pressure and cardiovascular risk, notably restriction of alcohol consumption, weight loss, adequate physical activity and improvement of dietary habits. It is reasonable to expect that subjects with known hypertension are likely to have received healthy lifestyle advice and, therefore, have some knowledge of the relation between a healthy lifestyle and blood pressure hypertension. Whether this knowledge actually leads to a change in lifestyle remains largely unknown. In this cross-sectional study, we evaluated whether subjects aware of their hypertension have healthier lifestyles, measured by meeting the targets of the Dutch Hypertension guideline in force at the time of the study period as compared with subjects unaware of hypertension, but with increased blood pressure levels. 11, 12 We thus compared two groups with the same blood pressure level (hypertensive), but different in their awareness. Those aware have had the chance to adjust their dietary habits, whereas those unaware just lived on as usual. The design chosen was not a comparison of dietary habits between hypertensive and non-hypertensive subjects, as such an approach addresses an etiologic question: does dietary habits relate to high blood pressure? In addition, we evaluated whether blood pressure control was related to lifestyle according to the guideline recommendations. . From 1993 to 1997, each year a new random sample of ± 5000 subjects was examined. 14 In both studies, subjects who agreed to participate received a general and a food-frequency questionnaire (FFQ) at baseline, and these were handed in when they attended for a medical examination. This examination consisted of blood pressure assessment, anthropometry and blood sampling. 14 
Methods

Study population
Baseline measurements
The general questionnaire included questions on demographic characteristics, presence of risk factors and chronic diseases. Coding of this information was standardized and merged into one database. Waist and hip circumferences, height and weight were measured using similar methods, and body mass index (BMI) was calculated for both studies. Physical activity was assessed using a questionnaire, validated in an elderly population. 15 In the questionnaire, cycling and sports was registered in hours per day and computed to minutes per day. These figures were used for Table 2 . Besides sports and cycling, if participants stated that the type of physical activity in their current work was 'heavy manual work', they were regarded as having 430 min of physical activity in Tables 3 and 4 .
Education was categorized into three groups: low, average and high. Low education attainment included those with primary education and lower vocational education; average educational attainment included those with advanced elementary education, intermediate vocational education and higher secondary education; and high educational attainment included those with higher vocational education and university. Daily energy intake was obtained from an FFQ containing questions on the usual frequency of consumption of 77 main food items and a number additional sub-items during the year, preceding enrolment. This questionnaire allows the estimation of the average daily consumption of 178 foods. The FFQ was validated before the start of the study. 16, 17 Sodium intake was computed from the mean sodium quantity in the food items mentioned in the FFQ and does not reflect sodium intake through added salt and, therefore, was not included in the analyses. Alcohol consumption was assessed by the general questionnaire and FFQ for both studies. Through the general questionnaire, subjects were asked whether they had ever used alcohol. Alcohol consumption reported at baseline was determined by multiplying the alcohol percentage of each beverage by the standard ethanol weight content, and divided into categories (0-10 g for low, 10-20 g for medium, 20-50 g for raised and 450 g for high).
Blood pressure
In the Prospect study, systolic and diastolic blood pressures were measured twice during one session by a trained observer with an automated and calibrated oscillomat (Bosch & Son, Jungingen, Germany) in supine position with a cuff size of 15 by 52 cm 2 , and the mean was calculated. In the MORGEN study, measurement of systolic and diastolic blood pressure was also performed twice during a single session by a trained observer using a Random Zero Sphygmomanometer in supine position with a cuff size of 12 by 23 cm 2 (or if necessary 15 Â 33 or 9 Â 18 cm 2 ). 14 The mean of the two measurements was calculated. The comparability of these different measurement procedures has been described in more detail earlier, concluding that this may affect comparisons between subjects pooled across more study centres. 18 Prospect overestimated blood pressure compared with MORGEN. Outcomes of the Prospect study were corrected with values (systolic blood pressure: 7 mm Hg, diastolic blood pressure: 3.5 mm Hg for cuff size and diastolic blood pressure: 0.5 mm Hg for device) as proposed by Schulze et al., 18 to account for methodological differences in blood pressure measurements procedures between the two EPIC study centres. 19 We defined hypertension according to the Dutch guideline at the time of the study (1993-1997): diastolic blood pressure over 95 mm Hg (or over 90 mm Hg if their systolic blood pressure was over 160 mm Hg) and/or the use of antihypertensive medication. 11, 12 If the measured blood pressure was higher than these thresholds, but participants stated in the questionnaire that they were never diagnosed with or treated for hypertension, they were categorized as unaware hypertensives. Subjects were considered aware hypertensive if they stated in the questionnaire that they were ever diagnosed with or treated for hypertension irrespective of their currently measured blood pressure level. Among aware hypertensives, controlled hypertension was defined as a diastolic blood pressure under 90 mm Hg.
Targets for lifestyle interventions in the Dutch hypertension guideline published before the initiation of the cohort are provided in Table 1 . 11, 12 In this guideline, hypertension was only diagnosed after at least three blood pressure measurements. Lifestyle advice was recommended not only to all patients diagnosed with even slightly elevated blood pressure levels, but also to patients who should receive drug treatment. After initiation of treatment, regular control of compliance to lifestyle advice and medication should take place.
As non-pharmacological dietary advice is in principle also given to subjects with symptomatic CVD and with diabetes mellitus and our aim was to assess effect of lifestyle advice in hypertensive patients, 2014 participants with an earlier history of these conditions were excluded. Owing to missing blood pressure measurements, 148 participants were excluded and of 2317 participants, awareness of hypertension was not recorded, leaving 35 532 participants. Of those, 8779 had hypertension and were used for analysis in this study.
Data analysis
First, general characteristics are presented as means and proportions in strata of awareness of hypertension. Multivariable logistic analyses were performed for all dietary lifestyle targets with adjustment for age and gender. In addition, we constructed an integrated parameter for the overall guideline adherence by counting the number of achieved guideline targets per participant. Comparison across groups of the average target achieved was performed using linear regression models with adjustment for age and gender. Using a multiplicative interaction term in a logistic regression model, effect modification by sex was explored. When the interaction term was statistically significant (P-value o0.05), results were reported for men and women separately. Analyses were performed using SPSS (version 15.0).
Results
Of all 8779 participants with hypertension, 7882 (90%) were aware of their hypertension. They were younger, smoked more often, had lower blood pressure levels and they drank less alcohol as compared with subjects unaware of their hypertension (Table 2) . Table 3 provides differences between aware and unaware hypertensive subjects in meeting lifestyle recommendations for hypertensive subjects. Aware hypertensive subjects significantly more often had an unsaturated:saturated-fat ratio 40.5 (38.5% vs 33.4%), used more often 43 g MJ -1 fibres per day (40.6% vs 34.5%), more often had a BMI under 27 (53.9% vs 47.0%) and restricted their alcohol intake more often to 20 g per day (79.7% vs 72.3%). There were no large differences for the other lifestyle parameters, except mono-and disaccharide intake, which was more restricted in unaware subjects (66.4% vs 69.9%). With regard to the overall adherence in terms of numbers of guideline targets met, aware hypertensive participants adhered to more items (5.0 items vs 4.9 items). No relevant differences in adherence results between men and women were observed, except for carbohydrate intake: 4.8% of the aware men and 3.0% of the unaware men adhered to the guideline and in women these percentages were 2.9 and 5.0% respectively. Table 4 shows the differences between controlled and uncontrolled hypertensive subjects among those aware of their hypertensive status. Subjects with controlled hypertension significantly more often met the guidelines concerning BMI o27 (56.6% vs 47.7%), alcohol restriction (80.9% vs 77.1%) and cholesterol intake (85.0% vs 80.8%). With respect to overall adherence, controlled hypertensive participants adhered to more lifestyle recommendation items (5.1 items vs 4.9 items). Subjects with uncontrolled hypertension more often adhered to the carbohydrate intake restriction (4.4%) compared with subjects with controlled hypertension (2.9%). The findings did not differ appreciably between men and women except for 
Discussion
Our study showed that those subjects that are aware of their hypertension in general have a healthier lifestyle than those that are unaware of hypertension. This also holds for aware subjects with controlled hypertension compared with subjects with persisting high blood pressure.
To appreciate these findings, some limitations of this study need to be addressed. In this study, no information was available on whether the guidelines for lifestyle and dietary interventions were discussed with patients when hypertension was diagnosed. However, the guidelines were published 3 years before the study started in the major Dutch Lifestyle and hypertension T Scheltens et al journals in the Netherlands, 11,12 so we may assume that a substantial part of the physicians recommended dietary and other measures to their hypertensive patients. Second, an FFQ was used to assess diet. This method may not be accurate to quantify the exact intake of different nutrients, but only to rank subjects according to their intake, because it tends to underestimate intake. 20 However, because participants are validly ranked, it is sufficiently valid to make a comparison between different groups. 21 Third, adjustment was performed for age and gender only. Yet, it may be argued that the relation should also need to be adjusted for education, 22 smoking, cholesterol level, physical activity, residence area, marital status and energy intake. Strictly, a confounder that needs accounting for in etiologic research is a factor related to the determinant and the outcome and is not an intermediate in the causal pathway of the relation between determinant and outcome. We feel that the above-mentioned factors are not considered confounders of the relation per se as the interest lies in the differences in meeting targets between subjects aware and not aware of their hypertension status, and these factors are more considered in a 'causal' pathway rather than confounders. However, when we exploratively adjusted for the mentioned factors, the outcomes did not differ for most outcomes.
Fourth, this was a cross-sectional study, so blood pressure measurements and food and activity questionnaires were assessed on one single occasion. However, we evaluated awareness of hypertension, which means we evaluate whether subjects were ever diagnosed as or treated for hypertension in the past. Therefore, they could have changed their lifestyle since then in contrast to those who were not diagnosed as or treated for hypertension. Furthermore, blood pressure was measured twice during one visit; therefore, the rate of hypertension is probably overestimated, but this occurs presumably similarly in both groups (aware and unaware). Finally, the history of chronic diseases was based on self-report, this may have led to underestimation of prevalence of chronic diseases, but we assumed that underestimation was comparable in persons aware and unaware of hypertension.
Comparison with other studies on cardiovascular risk and dietary patterns A study in Greece (a self-report random-digit dialled telephone survey) showed healthier diets in hypertensive patients compared with non-hypertensive subjects. The latter also included hypertensive subjects not being aware of their hypertension. 23 In a cross-sectional study in France, dietary habits were compared in subjects with none, one or two and three risk factors (hypertension, hypercholesterolemia and diabetes). 24 Those aware of one or more risk factors tended to have a higher BMI, lower physical activity, lower intake of carbohydrates and higher alcohol consumption after adjustment for energy intake. Our results indicate that being aware of a risk factor such as hypertension among those with elevated blood pressure is associated with a lower BMI and lower alcohol intake. Direct comparison of earlier studies with our results is difficult, as in the non-hypertensive groups of the other studies, it is unknown which proportion of subjects had elevated blood pressure with expected worse lifestyle. That dietary habits can change over time has been shown by the DRECE study (I), where persons with cardiovascular risk were compared with persons without risk at baseline and after 5 years. 25 Fish, fruit and vegetable intake was increased and energy intake was decreased in the risk group after 5 years. This change could be the result of the awareness of their cardiovascular risk status, which was communicated to them by their primary care physician at baseline without dietary recommendation advice. This suggests that awareness of risk factors can change dietary habits over a period of time. Although that in our cross-sectional study no second measurement has been performed and it was Lifestyle and hypertension T Scheltens et al unknown whether lifestyle advice was received, our results may also suggest that awareness is associated with improved dietary habits in some aspects. There are several possible explanations for our observation that awareness of hypertension is accompanied by only small improvements in lifestyle. First, it may reflect insufficient professional advice on lifestyle factors to patients diagnosed with hypertension. Earlier studies showed that Dutch general practitioners mention smoking cessation to 72%, reduction of salt intake to 46% and alcohol consumption to 31% of the patients with hypertension. 26 General practitioners and cardiologists in California discuss at least one lifestyle change with their hypertensive patients in 76.7% of the cases, physical activity being mentioned in 54% and healthy eating in 38% of the cases in audio recorded outpatients visits. 27 Of British hypertensive patients in primary care, 71% recalled receiving some lifestyle advice, although coverage and targeting of specific interventions was generally poor. 28 A second explanation of the small differences in lifestyle between aware and unaware hypertensive patients could be the use of antihypertensive drugs. It may be that when drug treatment is initiated, dietary and lifestyle changes seem less crucial to patients. Yet, in a Canadian study, hypertensive persons not taking antihypertensive medication were not more likely to make lifestyle improvements. 29 Finally, as behavioural changes are difficult to implement in daily life, it may be that the motivation of hypertensive patient was too low to pursue any changes.
The differences in adherence to guideline targets between controlled and uncontrolled hypertensives were small, but there was a positive association between control of hypertension and number of guideline targets met. Possibly, a subset of the hypertensive persons, after being diagnosed and advised on lifestyle, does aim for control by a healthy lifestyle. But because this study is a crosssectional study, a healthy lifestyle could also be the cause of blood pressure control as persons who are more concerned about health and lifestyle have their blood pressure measured frequently at the physicians' office or have a lower blood pressure from the start and are, therefore, easier to control. Persons with uncontrolled hypertension may have higher blood pressures because they are less concerned about health resulting in an unhealthy lifestyle and no regular monitoring of their blood pressure.
Our findings suggest that lifestyle advices in patients with a diagnosis of hypertension result in measurable changes, but of a generally small magnitude. There is ample room for improvement. A review on risk factor interventions in primary care indicated that improvement of health behaviour is associated with intervention elements as assessment of patient needs and subsequent tailoring of interventions, behavioural interventions combined with pharmacological interventions, supportive elements, use of multiple modalities, multiple contacts and inclusion of organizational elements to prompt patients and clinicians. 30 Including these elements in guidelines could support the process of lifestyle improvement in persons with hypertension.
Conclusion
Our study suggests that subjects aware of hypertension have a slightly healthier lifestyle according to the recommendations in guidelines compared with hypertensive persons not aware or this condition. Further prospective study could clarify this difference.
